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Resumo2VREMHWLYRVGHVWDSHVTXLVDFRQVLVWHPQRPRQLWRUDPHQWRin situ GHUHDo}HVHOHWURTXtPLFDVDFRSODGDV
DRHVSHFWU{PHWURGHUHVVRQkQFLDPDJQpWLFDQXFOHDUQRGRPtQLRGRWHPSR501'7HQDDYDOLDomRGDSUHVHQoD
GRELRSROtPHURTXLWRVDQDQDFLQpWLFDHQDPRUIRORJLDGRVHOHWURGHSyVLWRVGHFREUH1HVWHVHQWLGRIRLHPSUHJDGD
XPDFpOXODHVSHFWURHOHWURTXtPLFDFRPSRVWDSRUWUrVHOHWURGRVVHQGRRHOHWURGRGHWUDEDOKRHRFRQWUDHOHWURGR
FRQVWLWXtGRVGHSODWLQDHRHOHWURGRGHUHIHUrQFLDGH$J$J&O(VWDFpOXODIRLSRVLFLRQDGDQRFHQWURGDERELQDGH
UDGLRIUHTXrQFLDGRDSDUHOKRGH501GHPRGRTXHDHOHWURGHSRVLomRGRPHWDOSXGHVVHVHUDFRPSDQKDGDin situ 
SRULQWHUPpGLRGDYDULDomRQRWHPSRGHUHOD[DomRWUDQVYHUVDO77RGDVDVDQiOLVHVHVSHFWURHOHWURTXtPLFDVIRUDPUHDOL]DGDVHPSUHJDQGRDVVHTXrQFLDVGHSXOVRV&DUU3XUFHOO0HLERRP*LOO&30*$YDULDomRQRVYDORUHVGH
7FDXVDGDSHODUHDomRHOHWURTXtPLFDLQWHUIDFHDGDFRPD501'7GHPRQVWURXTXHDTXDQWLGDGHGHtRQVF~SULFRVFRQVXPLGRVDSyVPLQXWRVGHUHDomRIRLGHQDDXVrQFLDGRELRSROtPHURHHPWRUQRGHHP
VXDSUHVHQoD8PDSRVVtYHO H[SOLFDomRSDUD HVWH UHVXOWDGRpTXHD WD[DGHGHSRVLomRGRPHWDO p OLPLWDGDSRU
WUDQVSRUWHGHPDVVDSRLVDVROXomRFRPTXLWRVDQDpPDLVYLVFRVD$VLPDJHQVREWLGDVSRUPLFURVFRSLDHOHWU{QLFD
GHYDUUHGXUD0(9PRVWUDUDPTXHDGHSRVLomRQDSUHVHQoDGHTXLWRVDQDRFRUULGDGHQWURGRFDPSRPDJQpWLFRGH
7RULJLQDGHSyVLWRVGHPHQRUHVGLPHQV}HVHPHOKRURULHQWDGRVVREUHDVXSHUItFLHGRHOHWURGR
Palavras-chave(VSHFWURHOHWURTXtPLFDQDQRGHSyVLWRVELRSROtPHURV
APPLICATION OF SPECTROELECTROCHEMISTRY IN THE DEVELOPMENT OF COPPER NANODE-
POSITS IN THE PRESENCE OF CHITOSAN
Abstract: 7KHDLPVRIWKLVUHVHDUFKFRQVLVWVLQWKHin situ PRQLWRULQJRIHOHFWURFKHPLFDOUHDFWLRQVFRXSOHGZLWK
D WLPH GRPDLQ QXFOHDU PDJQHWLF UHVRQDQFH VSHFWURPHWHU 7'105 DQG WKH HYDOXDWLRQ RI WKH ELRSRO\PHU
FKLWRVDQHIIHFW LQ WKHNLQHWLFDQGPRUSKRORJLFDODVSHFWVRIFRSSHUHOHFWURGHSRVLWV ,Q WKLVVHQVH LWZDVXVHGD
VSHFWURHOHFWURFKHPLFDO FHOO FRPSRVHG E\ WKUHH HOHFWURGHV EHLQJ WKH ZRUNLQJ DQG FRXQWHU HOHFWURGH PDGH
RISODWLQXPDQG WKH$J$J&OHOHFWURGHDV UHIHUHQFH7KLV FHOOZDVSRVLWLRQHG LQ WKHFHQWHURI WKH5)FRLO VR
WKDW WKHPHWDO HOHFWURGHSRVLWLRQZDV in situ PRQLWRUHG E\ FKDQJHV LQ WKH WUDQVYHUVH UHOD[DWLRQ WLPH 7$OOVSHFWURHOHFWURFKHPLVWU\ DQDO\VLV ZHUH SHUIRUPHG HPSOR\LQJ WKH SXOVH VHTXHQFH &DUU3XUFHOO0HLERRP*LOO
&30*7KHFKDQJHLQWKH7YDOXHVGXHWRWKHHOHFWURFKHPLVWU\UHDFWLRQFRXSOHGZLWKWKH7'105VKRZHGWKDWWKHDPRXQWRIFXSULFLRQVFRQVXPHGDIWHUPLQXWHVRIUHDFWLRQZDVRILQWKHDEVHQFHRIELRSRO\PHU
DQGDSSUR[LPDWHO\LQWKHLUSUHVHQFH$SRVVLEOHH[SODQDWLRQIRUWKLVUHVXOWWKDWWKHGHSRVLWLRQUDWHRIPHWDO
LVPDVVWUDQVSRUWOLPLWHGEHFDXVHWKHYLVFRVLW\RIFKLWRVDQVROXWLRQLVKLJKHU7KHLPDJHVREWDLQHGE\VFDQQLQJ
HOHFWURQLFPLFURVFRS\ 6(0 VKRZHG WKDQ WKHGHSRVLWLRQ LQ WKHSUHVHQFHRI FKLWRVDQ LQVLGHRIPDJQHWLF¿HOG
7RULJLQDWHVVPDOOHUGHSRVLWVRULHQWHGRQWKHHOHFWURGHVXUIDFH
Keywords: 6SHFWURHOHFWURFKHPLVWU\QDQRGHSRVLWVELRSRO\PHUV
1. Introdução
2GHVHQYROYLPHQWRGHSHVTXLVDVQDiUHDHVSHFWURHOHWURTXtPLFDSRVVLELOLWDDOLDUDVYDQWDJHQVGDVDQiOLVHV
HOHWURTXtPLFDVHHVSHFWURVFySLFDVHPXP~QLFRH[SHULPHQWR.$,0HWDO(VWHDFRSODPHQWRSRVVLELOLWD
HVWXGRVVREUHRVPHFDQLVPRVGHUHDo}HVHDLGHQWL¿FDomRGHHVSpFLHVJHUDGDVin situ DRORQJRSRUH[HPSORGH
XPDGHJUDGDomRHOHWURTXtPLFD181(6HWDO
2DFRSODPHQWRGDUHVVRQkQFLDPDJQpWLFDQXFOHDU501FRPDHOHWURTXtPLFDin situ501(4WHYH
LQLFLRHPSRULQWHUPpGLRGDSXEOLFDomRUHDOL]DGDSRU5LFKDUGVH(YDQV5,&+$5'6HWDO.&RQWXGR
VRPHQWHHPIRLSXEOLFDGRRSULPHLURWUDEDOKRHQYROYHQGRRDFRSODPHQWRGDHOHWURTXtPLFDFRPD501QR
GRPtQLRGRWHPSR501'71HVWDSHVTXLVDUHDOL]DGDSRU%DUERVDet al XPDFpOXODHVSHFWURHOHWUR-
TXtPLFDIRLGHVHQYROYLGDSDUDRPRQLWRUDPHQWRGDFRQFHQWUDomRGHtRQVF~SULFRVDWUDYpVGDYDULDomRQRWHPSR
GHUHOD[DomRWUDQVYHUVDO7GXUDQWHXPDHOHWURGHSRVLomRQDSUHVHQoDGRDJHQWHFRPSOH[DQWHVRUELWRO(P
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1XQHVHFRODERUDGRUHVGHPRVWUDUDPTXHD501'7SRGHVHUXVDGDVSDUDTXDQWL¿FDUDHOHWURGHSRVLomRGHFREUHin 
situ 181(6HWDOXVDQGRXPHTXLSDPHQWRGHEDQFDGD(P*RPHVHFRODERUDGRUHVGHPRVWUDUDPTXH
RFDPSRPDJQpWLFRGRHVSHFWU{PHWURGH501'7WHPSDSHODWLYRQDUHDomRGHHOHWURGHSRVLomRGHFREUH*RPHV
HWDO,VVRRFRUUHGHYLGRjSUHVHQoDGRVFDPSRVHOpWULFRHOHWURTXtPLFDHPDJQpWLFR501TXHJHUDPD
IRUoDGH/RUHQW]TXHLQGX]HPXPÀX[RKLGURGLQkPLFRQDVROXomRGXUDQWHDUHDomR
1HVWHVHQWLGRSHVTXLVDVHPHVSHFWURHOHWURTXtPLFDWRUQDPVHGHJUDQGHUHOHYkQFLDHVSHFLDOPHQWHSDUD
DiUHDGHQDQRPDWHULDLVWHQGRHPYLVWDDSRVVLELOLGDGHGHVHLQYHVWLJDUGHWDOKDGDPHQWHDLQÀXrQFLDGHFDPSRV
PDJQpWLFRVQDIRUPDomRGRVHOHWURGHSyVLWRV
3RUWDQWRDSUHVHQWHSHVTXLVDWHPFRPRREMHWLYRRXVRGHXPDFpOXODHVSHFWURHOHWURTXtPLFDDFRSODGDDR
HVSHFWU{PHWURGH501'7SDUDHVWXGRVGHSURFHVVRVHOHWUROtWLFRVin situ, FRPRDHOHWURGHSRVLomRGHXPDVROXomR
PRO/GHFREUHQDSUHVHQoDGRELRSROtPHURTXLWRVDQD
2. Materiais e Métodos
$VVROXo}HVHPSUHJDGDVQDVDQiOLVHVHVSHFWURHOHWURTXtPLFDVIRUDPSUHSDUDGDVHPSUHJDQGRiJXDRULJL-
QDGDHPXPDXQLGDGHGHSXUL¿FDomR0LOOL4GDHPSUHVD0LOLSRUH&RUSRUDWLRQFRP0ȍGHFRQGXWLYLGDGH
D&VROXELOL]DQGRXPDTXDQWLGDGHDSURSULDGDGH&X62+2HP+&O0RO/3DUDDDYDOLDomRGDLQ-ÀXrQFLDGRELRSROtPHURTXLWRVDQDVREUHDIRUPDomRGRVHOHWURGHSyVLWRVGHFREUHXPDTXDQWLGDGHDSURSULDGDGH
TXLWRVDQDFRPPDVVDPRODUPpGLDYLVFRVLPpWULFDGH[5JPROIRUQHFLGDSHOD6,*0$$/'5,&+IRLVROX-
ELOL]DGDHP+&O0RO/GHIRUPDTXHDFRQFHQWUDomR¿QDOIRVVHGHJ/3RVWHULRUPHQWH&X62+O IRLVROXELOL]DGRQHVWDVROXomRHRYROXPHDMXVWDGRSDUDDFRQFHQWUDomRGH[0RO/(VWDVVROXo}HVIRUDP
GLOXtGDVDWpDFRQFHQWUDomRGH[-6PRO/SDUDDGHVHQYROYLPHQWRGDVFXUYDVDQDOtWLFDV
'HSRLVGHUHDOL]DGRHVWHSURFHGLPHQWRVHJXLXVHDVDQiOLVHVUHOD[RPpWULFDVQDTXDODOtTXRWDVGHP/
IRUDPPHGLGDVHPWULSOLFDWDDWHPSHUDWXUDGH&HPSUHJDQGRDVHTXrQFLDGHSXOVR&30*GHQWURGDFpOXOD
HVSHFWURHOHWURTXtPLFDSURMHWDGD2VSDUkPHWURVXWLOL]DGRVIRUDPSXOVRGHLJXDODXVSXOVRGHLJXDO
DXVoGHXVHFRVHscans
(VWDVDQiOLVHVIRUDPUHDOL]DGDVHPXPHVSHFWU{PHWUR501GH70+]SDUDR+GDIDEULFDQWH
6SLQ/RFNPRGHOR6/.HRVRIWZDUHHPSUHJDGRIRLR&RQGRU,'(IRUQHFLGRSHODPHVPDHPSUHVDIDEULFDQWH
GRHVSHFWU{PHWUR$VFRQFHQWUDo}HVGHFREUHIRUDPFDOFXODGDVin situ SRULQWHUPpGLRGDVFXUYDVDQDOtWLFDVSUH-
YLDPHQWHGHVHQYROYLGDVHGRDMXVWHPRQRH[SRQHQFLDOREWLGRSHORVRIWZDUH2ULJLQGRGHFDLPHQWRGRVLQDOGH
501TXHIRUQHFHXRVYDORUHVGH7$VPHGLGDVHVSHFWURHOHWURTXtPLFDVIRUDPUHDOL]DGDVXWLOL]DQGRXPSRWHQFLRVWDWR(P6WDWGD3DOP,QV-
WUXPHQWV%9FRPDX[tOLRGRVRIWZDUH367UDFHIRUQHFLGRSHODPHVPDHPSUHVDIDEULFDQWHGRSRWHQFLRVWDWR$V
DQiOLVHVFURQRDPSHURPpWULFDVIRUDPUHDOL]DGDVHPSUHJDQGRRSRWHQFLDOGH( 9FRPGXUDomRGHV
PLQVHQGRTXHDFDGDPLQXWRVXPDPHGLGDHVSHFWURVFySLFDHUDUHDOL]DGDin situ FRPRHVSHFWU{PHWURGH
501'7
$VLPDJHQVGH0LFURVFRSLD(OHWU{QLFDGH9DUUHGXUD0(9IRUDPREWLGDVXWLOL]DQGRXPPLFURVFySLR
HOHWU{QLFRGHYDUUHGXUDGD-(2/PRGHOR-60FRPRREMHWLYRGHVHDQDOLVDURVHOHWURGHSyVLWRVREWLGRVQD
SUHVHQoDHQDDXVrQFLDGRELRSROtPHURGHIRUPD³ex-situ” IRUDGRFDPSRPDJQpWLFRH“in situ” GHQWURGRFDPSR
PDJQpWLFR
3. Resultados e Discussão
$RVHFRPSDUDUDVWD[DVGHUHPRomRQDSUHVHQoDHDXVrQFLDGHTXLWRVDQDV)LJXUDIRLSRVVtYHOREVHUYDU
TXHRFRQVXPRGHtRQVF~SULFRVQDSUHVHQoDGRELRSROtPHURpGDRUGHPGH(VWHUHVXOWDGRFRUUHVSRQGHj
PHWDGHGRFRQVXPRREWLGRQDDXVrQFLDGHTXLWRVDQD,VWRSRGHVHUH[SOLFDGRSHORPDLRUWDPDQKRGRFRPSOH[R
IRUPDGRSHOR&XHDTXLWRVDQDRTXHDXPHQWDDYLVFRVLGDGHGDVROXomRUHVXOWDQWHFRPRSURSRVWRSRU0RUGU-
]HMHZVNDRTXHWRUQDDHQHUJLDQHFHVViULDSDUDDGHSRVLomRGHVWDHVSpFLHPDLRUFRPRFRQVHTrQFLDQR
PHVPRLQWHUYDORGHWHPSRDUHPRomRpPHQRUQDSUHVHQoDGRELRSROtPHUR
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)LJXUD¬GLUHLWDPRVWUDVHDFRPSDUDomRHQWUHDVWD[DVGHUHPRomRREWLGDVQDSUHVHQoDSRQWRVHP
YHUPHOKRHQDDXVrQFLDSRQWRVHPSUHWRGHTXLWRVDQDV¬HVTXHUGDDSUHVHQWDPVHSRVVtYHLVHVWUXWXUDVUHVXOWDQWHV
GDLQWHUDomRHQWUHRFREUHHRELRSROtPHURTXLWRVDQD0RGU]HMHZVND
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$OpPGRPDLVIRLREVHUYDGRFRQFRPLWDQWHPHQWHTXHDUHGXomRQDFRQFHQWUDomRGHtRQVF~SULFRVIRL
DFRPSDQKDGDSHORRDXPHQWRGH7(VWDVDOWHUDo}HVVREUHRWHPSRGHUHOD[DomRWUDQVYHUVDORFRUUHGHYLGRDUHGX-omRGRSDUDPDJQHWLVPRSURYHQLHQWHGR&XVREUHRQ~FOHRGHKLGURJrQLRVHJXQGR1XQHVet al
$SyVDUHDOL]DomRGDHOHWURGHSRVLomRGHFREUHDQDOLVRXVHDPRUIRORJLDGRVHOHWURGHSyVLWRVFRP0(9
WDQWRQDSUHVHQoDGRFDPSRPDJQpWLFRGH7TXDQWRHPVXDDXVrQFLD$)LJXUDDSUHVHQWDDVPLFURJUD¿DV
UHIHUHQWHVDHVWHVHVWXGRV
 
)LJXUD0LFURJUD¿DVUHIHUHQWHVDRVHOHWURGHSyVLWRVGHFREUHREWLGRVDSyVKGHFURQRDPSHURPHWULD
$HVTXHUGDPRVWUDRHOHWURGHSyVLWRQDDXVrQFLDGHFDPSRPDJQpWLFR(DGLUHLWDRHOHWURGHSyVLWRQDSUHVHQoDGR
FDPSRPDJQpWLFR
$SyVDQiOLVHGHVWDV¿JXUDVIRLSRVVtYHOLQIHULUTXHRFDPSRPDJQpWLFRLQÀXrQFLDQDHOHWURGHSRVLomRGH
FREUH$OpPGRPDLVpSHUFHSWtYHOTXHKiXPDRULHQWDomRGDGHSRVLomRTXDQGRGDSUHVHQoDGRFDPSRPDJQpWLFR
RTXHHPVXDDXVrQFLDQmRRFRUUH
(VWDGLIHUHQoDQDHOHWURGHSRVLomRpGLVFXWLGDFRPEDVHQRVHIHLWRV LQGX]LGRVSRUFDPSRVPDJQpWLFRV
VREUHXPDUHDomRHOHWURTXtPLFD$SUHVHQoDGRFDPSRPDJQpWLFRRULJLQDXPPHFDQLVPRFRQYHFWLYRH[WUDGH-
QRPLQDGRPRYLPHQWRKLGURGLQkPLFR DEUHYLDGRSRU0+'%81'HW DO 2X VHMD TXDQGRRFRUUHXPD
HOHWURGHSRVLomR tRQV VmR UHPRYLGRVGD VROXomRSDUDXPDFDPDGDSUy[LPDD VXSHUItFLHGRHOHWURGRRFRUUHQGR
XPGHFUpVFLPRQDWXUDOGDGHQVLGDGHGHVWDHVSpFLHQDVROXomRHOHWUROtWLFD'HVWDIRUPDDFRPELQDomRHQWUHDGL-
IXVmRQDWXUDOLQWUtQVHFDDRSURFHVVRHOHWUROtWLFRHDIRUoDPDJQHWRKLGURGLQkPLFD0+'SURYHQLHQWHGDIRUoDGH
/RUHQW]FRPRREVHUYDGRSRU*RPHVet al.,GiRULJHPDXPDDOWHUDomRQRWUDQVSRUWHGHPDVVDVHQRFRP-
SRUWDPHQWRGHQXFOHDomRGRVGHSyVLWRVGDQGRRULJHPDFDPDGDVPDLVXQLIRUPHVVREUHRHOHWURGRHGLUHFLRQDGDV
DRORQJRGRFDPSRPDJQpWLFR%81'HWDO)LQDOPHQWHD)LJXUDDSUHVHQWDDVPLFURJUD¿DVREWLGDVQD
SUHVHQoDHQDDXVrQFLDGRELRSROLPHURTXLWRVDQD
 
)LJXUD0LFURJUD¿DV UHIHUHQWHVDRVHOHWURGHSyVLWRVGHFREUHREWLGRVDSyVKGHFURQRDPSHURPHWULD
GHQWURGRFDPSRPDJQpWLFR1DPLFURJUD¿DjGLUHLWD WHPRVDHOHWURGHSRVLomRQDDXVrQFLDGRELRSROLPHURHj
HVTXHUGDDHOHWURGHSRVLomRGHFREUHQDSUHVHQoDGRELRSROLPHURTXLWRVDQD
$VDQiOLVHVGHVWDVPLFURJUD¿DVSHUPLWHPLQIHULUTXHTXDQGRRVLVWHPDHQFRQWUDVHQDSUHVHQoDGRELR-
SROtPHURDHOHWURGHSRVLomRGHtRQVF~SULFRVRFRUUHGHIRUPDPDLVOHQWDHPGHFRUUrQFLDGRDXPHQWRGDEDUUHLUD
HQHUJpWLFDQHFHVViULDSDUDOHYDURVtRQVPHWiOLFRVGRVHLRHOHWUROtWLFRjVXSHUItFLHGRHOHWURGR&RPRFRQVHTXrQFLD
DQXFOHDomRGRHOHWURGHSyVLWRpFRPSOHWDPHQWHDOWHUDGDWRUQDQGRVHPHQRUHVFKHJDQGRDIRUPDUHPDOJXPDV
UHJL}HVGRHOHWURGRDJORPHUDGRVFOXVWHUVGHFREUH(VWHVUHVXOWDGRVHVWmRHPDFRUGRFRPRVHQFRQWUDGRVSRU
%URJJLet al.,TXHHVWXGDUDPDHOHWURGHSRVLomRGHHVWDQKRQDSUHVHQoDGRDJHQWHFRPSOH[DQWHVRUELWROH
FRP%XQGet al., TXHDSOLFDUDPFDPSRVPDJQpWLFRVQDHOHWURGHSRVLomRGHFREUH
4. Conclusões
2VUHVXOWDGRVREWLGRVDR ORQJRGHVWDSHVTXLVDPRVWUDPVHSURPLVVRUHVH LQRYDGRUHVSDUDRFDPSRGD
HVSHFWURHOHWURTXtPLFD(PHVSHFLDOGHVWDFDVHRHIHLWRFDXVDGRSHODDomRGRELRSROtPHURHPFRQMXQWRFRPR
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GLUHFLRQDPHQWRSURYRFDGRSHODDomRGRFDPSRPDJQpWLFRTXHYLVOXPEUDDSOLFDo}HVLQWHUHVVDQWHVSRUH[HPSOR
QDiUHDGHGHVHQYROYLPHQWRGHQDQRPDWHULDLV
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